Raccoons (n5590) were collected from October 1999 to August 2003 from 35 counties across Texas, USA, and gastrointestinal tracts were examined for Baylisascaris procyonis. We documented B. procyonis in central and eastern Texas. Baylisascaris procyonis occurred in 5.4% raccoons in Texas with an overall mean abundance and mean intensity of 0.460.1 and 7.462.3, respectively. Prevalence was higher in central Texas ecoregions and on clayey soil texture than other regions or soil textures of Texas. Mean parasite abundance was highest in the Postoak Savanna ecoregion located in central Texas. Our findings expanded the range of B. procyonis in Texas and confirmed that areas of Texas with clayey soil texture are more vulnerable to B. procyonis transmission. This study gives a better understanding of where B. procyonis may occur in Texas and which environmental characteristics are better suited for B. procyonis occurrence and transmission, especially in areas where likelihood of frequent human contact with raccoons and their feces increases.
INTRODUCTION
Baylisascaris procyonis is a large parasitic nematode found in the small intestines of raccoons (Procyon lotor), the definitive host, and is a cause of larva migrans in humans and other animals (Kazacos, 1983) . The life cycle begins when adult female worms produce eggs, which are shed in feces of infected raccoons (.1,000,000 eggs/day; Kazacos, 1986) . The life cycle of the parasite is direct in juvenile raccoons and indirect in adult raccoons (Kazacos, 2001) . Secondary hosts include rodents, lagomorphs, other mammals, and birds (Kazacos and Boyce, 1989) . Usually 10% of larvae enter the brains of secondary hosts, causing disorders of the central nervous system (Tiner, 1953) . These animals often display aberrant behavior, which makes them easy to capture by raccoons, thus enhancing transmission of the parasite back to the definitive host (Tiner, 1954) .
Baylisascaris procyonis in raccoons is common in the northeastern and midwestern United States, and pockets of high B. procyonis prevalence has been reported in the states of California and Washington (Kazacos, 2001 ), but has been reported as rare or absent in the southeastern United States (Kazacos and Boyce, 1989) . However, adult B. procyonis were collected from 70% of 33 raccoons in southern Texas (Kerr et al., 1997) . This record considerably extended the range of B. procyonis in the United States and the potential for B. procyonis larva migrans in North America.
Current distribution of B. procyonis in southeastern states is unknown because of a lack of surveys on the helminth community of raccoons. It is unknown whether the introduction of B. procyonis in southern Texas resulted from raccoons that naturally dispersed or were translocated from areas enzootic for this parasite, or if it was from local raccoons that acquired B. procyonis by ingesting larvae in migratory wild birds or other translocated wild and domestic paratenic hosts.
Humans can become infected with B. procyonis by ingesting eggs from contaminated vegetation, soil, and water, from raccoon feces, or hands contaminated with eggs (Kazacos, 1986) . Eggs can remain viable in the environment for years, thus increasing likelihood of transmission to humans (Kazacos, 1983) .
Prevalence of B. procyonis in humans is unknown (Kazacos and Boyce, 1989) ; however, prevalence of humans infected with B. procyonis may be more common in endemic areas than reported (Kazacos, 2001 ) because humans with low-level infections will not develop clinical symptoms and can go undiagnosed. Therefore, potential for human prevalence with B. procyonis can be high, especially in endemic areas where suburban sprawl increases the likelihood of frequent human contact with raccoons and their feces. Documented cases of human infection have occurred when infected raccoons utilized and defecated in backyard playgrounds and firewood piles (Fox et al., 1985; Park et al., 2000) . Others at risk of potential infection include sportsmen, trappers, animal damage handlers, wildlife rehabilitators, zoo personnel, and children. Children have a higher potential risk than adults because they typically are outdoors more often, frequent areas where raccoons can be found, and have a greater curiosity of their surroundings (Kazacos and Boyce, 1989) .
All rodents, birds, and rabbits are susceptible to B. procyonis larva migrans (Kazacos, 1983) . Prevalence of B. procyonis in wild animals, like humans, may be more common in endemic areas than realized, possibly because infected animals go unnoticed, are eaten by predators, or are submitted to health departments as rabies suspects because of their abnormal behaviors (Kazacos, 1983) . Tiner (1954) estimated that B. procyonis caused 5% of rodent mortalities in areas where infected raccoons were common.
Baylisascaris procyonis should be considered a potential cause of clinical larva migrans disease in animals and humans because such a high prevalence of B. procyonis in raccoons was found in southern Texas (Kerr et al., 1997) . The distribution, prevalence, abundance, intensity, life history characteristics, and secondary hosts of B. procyonis, as well as its potential impact on humans and domestic animals in the southeastern United States, need further investigation.
The objectives of this study were to 1) determine the prevalence, abundance, and intensity of adult B. procyonis in raccoons in Texas, 2) determine relationships between habitat characteristics and infection of raccoons with B. procyonis using a logistic regression model, and 3) determine which areas of the state are most at risk for zoonotic transmission of B. procyonis. -97-36) . The sex and weight of each animal was recorded when possible, and trapping or collecting locations of raccoons were noted either by GPS coordinates or nearest street address when possible. Raccoons were eviscerated, and viscera were frozen at 210 C until necropsy. The gastrointestinal tracts (esophagus, stomach, small intestine, large intestine, and rectum) were examined from 590 raccoons.
MATERIALS AND METHODS

Raccoon
A lower canine tooth was extracted from each raccoon when possible for age determination (Johnston et al., 1987) . Raccoons were classified into age classes with pups being any raccoon less than 3.5 mo old (no permanent lower canine tooth erupted), with juveniles being any raccoon 3.5 mo to 1 yr old (permanent lower canine erupted but root remains hollow), and with adults being any raccoon older than 1 yr (lower canine root not hollow; Johnston et al., 1987) .
At the time of examination, gastrointestinal tracts were separated, with esophagus and stomach as one section and small intestine, large intestine, and rectum as another section. Both sections were dissected longitudinally, mucosa scraped, and contents washed using a washing and sedimentation process in conical glasses. The washed sediment was examined with a dissecting microscope. Baylisascaris procyonis was collected, identified in lactophenol wet mounts when necessary using nematode features according to Sprent (1968) and Bowman (1987) , quantitated, fixed, and stored in 70% ethanol containing 8% glycerin. Representative specimens of B. procyonis from raccoons collected in this study were deposited in the United States National Parasite Collection (Beltsville, Maryland USA; Accession 94961-94962).
Geographically referenced data including soil texture, habitat ecoregions, precipitation, temperature, humidity, water sources (including rivers, lakes, ponds, and livestock tanks), and urban areas were obtained and used to create a geodatabase and spatial map using ArcGIS 8.3 (Environmental Systems Research Institute, 2002) . A separate layer with raccoon collection locations was created, and each raccoon location was buffered to approximate home range sizes of raccoons to encompass the core area in which each raccoon lived. Buffered areas were circular in shape, and the raccoon collection location was centered in the buffered circle. Home range sizes differ between males and females (Gehrt and Fritzell, 1997) and between raccoons in urban areas and rural areas (Hoffmann and Gottschang, 1977) . Based on this literature, we buffered male raccoons in rural areas to 339 ha, female raccoons in rural areas to 79 ha, male raccoons in urban areas to 39 ha, and female raccoons in urban areas to 49 ha. Spatial map layers for each variable listed above were overlaid with the buffered raccoon collection locations for analyses.
A large-scale soil series map of Texas was obtained from the United States Department of Agriculture Natural Resources Conservation Service (USDA, 2000a) , and soil series descriptions were obtained from the National Cooperative Soil Survey (USDA, 2000b) . Soil series were categorized into four soil textures based on predominant soil texture: clayey (i.e., clay, sandy clay, silty clay, and clay loam), loamy (i.e., loam, sandy clay loam, and silty clay loam), sandy (i.e., sand, loamy sand, and sandy loam), and silty (i.e., silt and silt loam) soil textures, and a map showing these soil textures was created using ArcGIS 8.3 (Environmental Systems Research Institute, 2002; Fig. 1a) . The habitat ecoregion map was obtained from the Texas Parks and Wildlife Department website (Texas Parks and Wildlife, 2000; Fig. 1b) . Precipitation, temperature, and humidity maps were obtained from The Climate Source and were based on summer (June-August) averages from 1961 to 1990 (The Climate Source, 2000) . Summer averages were selected rather than annual averages because B. procyonis eggs are known to survive cold temperatures and environments with ''adequate moisture'' (Kazacos, 1983) ; hotter temperatures and drier environments are more likely to cause egg desiccation (Kazacos, 1983) . Temperatures and relative humidity in Texas can reach extreme highs, so summer averages were considered more likely to influence egg survivorship. The hydrography map was obtained from TIGER/Line files from the United States Census Bureau (US Census Bureau, 2000; Fig. 1c ). The length of water edge within each raccoon's buffered location was calculated. The urban area map was obtained from the Texas General Land Office website (Texas General Land Office, 2000; Fig. 1d ). Raccoons were classified as being within an urban setting if more than half of the raccoon's buffered location fell within designated city limits, and as being within a rural setting if more than half of the raccoon's buffered location fell outside designated city limits.
Differences in prevalence were examined among habitat ecoregions, soil textures, and age classes using chi-square tests; and between sexes using adjusted chi-square tests. Abundance and intensity values were rank-transformed prior to statistical analyses. Differences in mean abundance (6SE) and mean intensity (6SE) were examined among habitat ecoregions, soil textures, and age classes using an ANOVA on the rank-transformed values, and between sexes using a t-test on the ranktransformed values. A post hoc means separation test (Tukey method) also was reported when appropriate. Statistical significance was inferred at P,0.10. These statistical procedures were conducted using the Statistical Package for the Social Sciences (SPSS, 2001) and the SAS computer program (SAS Institute, 1989) . The terms prevalence, abundance, and intensity used to describe helminth infections follow the definitions of Bush et al. (1997) .
A predictive model using a backward elimination procedure in a logistic regression model was developed to predict the presence of B. procyonis based on variables that exhibited a significant difference (P,0.10), using t-tests for continuous variables (e.g., average summer precipitation, surface water edge, average summer temperature, and average summer humidity) and chi-square contingency tables for categorical variables (raccoon age classes, raccoon sex, and soil textures), between infected and uninfected raccoons. Habitat ecoregions were not included in the logistic regression procedure because of autocorrelation. Additionally, we conducted the Hosmer and Lemeshow Goodness-of-Fit test (SAS Institute, 1989) because of the binary response model to determine adequacy of the logistic regression model. The amount of variation explained by the model (R 2 ) was adjusted according to Nagelkerke (1991) . A jackknife method was used to decrease the bias of classifying the same data in which the classification measure was derived (SAS Institute, 1989 ). These statistical procedures were conducted using the SAS statistical computer program (BLR, PROC LOGISTIC; SAS Institute, 1989).
RESULTS
We documented B. procyonis in several locations in the central area and eastern half of Texas ranging from northern to coastal areas (Fig. 2a) . We attempted to collect raccoons in a uniform pattern across Texas; however, no raccoons from the Wichita Falls area were collected because of a strong animal rights influence in the area. Baylisascaris procyonis occurred in 32/590 (5.4%) raccoons in Texas with an overall mean abundance of 0.460.1 and an overall mean intensity of 7.462.3. Prevalence for B. procyonis Table 1 ). The Edward's Plateau, Coastal Sand Plains, and Postoak Savanna ecoregions had higher prevalence than other ecoregions. Prevalence for other ecoregions were similar (Table 2) . Prevalence for B.
procyonis also differed among soil textures (x 2 56.2529, df53, P50.0999; Table 1 ). Clayey soil texture had higher prevalence than loamy soil texture, but clayey soils were not significantly different than sandy or silty soil textures. Prevalence for B. procyonis did not differ among age classes Differences between infected and uninfected raccoons did not exist for surface water features (t50.109, df5405, P50.913), humidity (t521.412, df5536, P50.158), or precipitation (t521.568, df5536, P50.117), but a difference was noted for temperature (t522.959, df5536, P50.003; Table 4 ). Therefore, average summer temperature was included in the logistic regression model.
The logistic function eliminated soil texture (x 2 53.9520, df53, P50.2667) as an effect and retained temperature (x 2 56.3675, df51, P50.0116) in the final model; however, results of the Hosmer and Lemeshow Goodness-ofFit test indicated that the fitted model was inadequate with a P-value of 0.0082 and, therefore, the validity of the model fit was questionable. In general, the probability of raccoons being infected with B. procyonis could not be calculated. Kerr et al. (1997) were first to document B. procyonis in raccoons from Texas, and our findings supported their report and expanded the range of B. procyonis in Texas. Kerr et al. (1997) reported finding B. procyonis in 70% of the raccoons examined, which differed from the prevalence of 5.4% that we found. However, Kerr et al. (1997) examined fewer raccoons (n533) from a regional scale (three sites about 10 ha each located in three counties) compared to our study, which examined raccoons (n5590) on a statewide scale. Also mean abundance of B. procyonis in raccoons from our study was lower than reported by Kerr et al. (1997) , which could be attributed to differences in sample sizes and project scale as well.
DISCUSSION
Baylisascaris procyonis uses rodents as primary intermediate hosts. Deer mice (Peromyscus maniculatus) and white-footed mice (Peromyscus leucopus) are often implicated as intermediate hosts. Both of these intermediate hosts are found in adequate abundance throughout Texas, have statewide distribution, and are common in most habitats (Davis and Schmidly, 1995) . Raccoons also have statewide occurrence, but raccoon abundance appears to decrease in western Texas, occurring We hypothesized that B. procyonis occurrence would be higher on soils with a clayey texture because of slow percolation, and high moisture retention of clayey soils promotes the viability of B. procyonis eggs. In addition, the small particle size of clayey soils would keep the eggs near the soil surface, where they would be more likely to be ingested by a secondary host, thus increasing B. procyonis transmission potential. Kazacos (1991) stated that B. procyonis eggs develop and survive best in an environment with ''adequate'' temperature and moisture such as in warm, moist climates. Therefore, in temperate regions, eggs of B. procyonis survive better in poorly drained, clayey soils, whereas eggs are inhibited by hot, dry conditions including hot, sandy soils (Kazacos, 1991) . Also, clay soils retain water more so than other soil textures, and surface water features serve as gathering places for raccoons (Gehrt and Fritzell, 1999) , which can enhance the likelihood of B. procyonis transmission. Our results did lend support to our hypothesis and Kazacos's work with prevalence of B. procyonis being greater on clayey soils than loamy soil or sandy soil textures.
In endemic areas where B. procyonis occurs in raccoons, prevalence and intensity are higher in juvenile raccoons than adult raccoons (Ermer and Fodge 1986) . Prevalence of B. procyonis in juvenile and adult raccoons vary from .90% to 3-55%, respectively; mean intensities in juvenile and adult raccoons are reported from 48 to 62 and 12 to 22, respectively (Ermer and Fodge, 1986; Kazacos, 2001) . Abundance and intensity is correlated to the life cycle of B. procyonis. Kazacos and Boyce (1989) surmised that newborn raccoons are susceptible to egg infection via nursing females, hence exposing young raccoons to greater levels of B. procyonis infections, whereas adult raccoons become infected by intermediate hosts. Also, as raccoons get older they develop resistance and/or an immune response to parasite infections (Kazacos, 2001) . The observed prevalence and intensity of B. procyonis in our study did not follow this expected pattern for age classes. This may be related to a recent range expansion by B. procyonis; sufficient quantities of viable eggs to infect a sizeable proportion of young raccoons or an adequate number of intermediate hosts currently may not be available to reach the prevalence rates and intensities seen in enzootic areas. Baylisascaris procyonis has been recently reported only in Texas (Waring and Dingley, unpubl. data, in Kazacos and Boyce, 1989; Kerr et al. 1997) .
Differences in prevalence, abundance, and intensity were not observed between sexes. This was expected based on equal opportunities for environmental exposure to B. procyonis and a similar response to infection.
Although the logistic regression model did not produce a valid equation for explaining the presence or absence of B. procyonis, caution should be used when interpreting this result. Small numbers of positive B. procyonis raccoons may have eliminated some variables that could contribute to the model. In addition, the logistic regression model is dysfunctional when an ''all or nothing'' response occurs for a variable. It will mathematically eliminate any variable with zero occurrence in an area. From a biological point of view, these variables should be included in the model because it demonstrates that environmental conditions may occur that prevent B. procyonis from being introduced into an area.
Although age class was eliminated for inclusion in our logistic regression model, it may influence B. procyonis transmission across the state because juvenile raccoons have been shown to have higher prevalence of B. procyonis (Kazacos, 2001) , and it is the younger raccoons that are more likely to disperse from familial home ranges and form new home ranges elsewhere (Gehrt, 2003) . As the raccoon population in Texas is, in general, is naive to B. procyonis, juvenile raccoons can potentially infect adult raccoons in new geographic locations when they disperse. This can greatly increase transmission potential across many geographic areas because raccoons have such a widespread distribution.
An objective of this study was to determine which areas of the state are most at risk for zoonotic transmission of B. procyonis. From our study, areas of Texas with clayey soil texture are more vulnerable to B. procyonis transmission, and we noted that positive B. procyonis raccoons were not found in areas that received less than 24 cm average summer precipitation. Based on this information, we constructed a map highlighting areas of Texas that have clayey soil texture and receive a summer average of more than 24 cm of rainfall, which may be areas of Texas in which to anticipate B. procyonis transmission (Fig. 2b) . Particular areas of interest within the highlighted regions (Fig. 2b) are riparian areas and areas in proximity to water sources that raccoons will frequent (Gehrt and Fritzell, 1999) .
This study gives us a better understanding of where B. procyonis may occur in Texas and which environmental characteristics are better suited for B. procyonis occurrence and transmission. Baylisascaris procyonis is a public health concern, and the potential for human infection with B. procyonis is potentially high in areas where suburban sprawl increases likelihood of frequent human contact with raccoons and their feces. Physicians and veterinarians in Texas may now consider B. procyonis larva migrans as part of a differential diagnosis of human and domestic animal disease because B. procyonis is now recognized as an important cause of larval migrans in the state. In addition, wildlife professionals should now take extra precautions when handling raccoons, especially in areas where B. procyonis is occurring and in areas that have environmental characteristics that make them more susceptible to B. procyonis occurrence.
